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A PERFORMANCE AND RELIABILITY MODEL FOR THERMAL BARRIER COATINGS 

A. P. Batakis 
So la r  Turbines Incorporated 
San Diego, Cal i forn ia  92138 

?L modeling technique f o r  p red ic t ing  the performance and r e l i a b i l i t y  of TBC'S 
is being developed a t  Solar Turbines Incorporated.  The concept combines 
experimental  coa t ing  property data  w i t h  f i n i t e  element ana lyses  t o  p r e d i c t  
t h e  thermal and mechanical behavior of coa t ing  systems i n  se rv i ce .  A key 
f e a t u r e  of S o l a r ' s  approach is  the  use of a four  po in t  f l exure  t e s t  t o  
est imate  coa t ing  s t r eng th  d i s t r i b u t i o n s  and t o  p r e d i c t  coa t ing  f a i l u r e  
p robab i l i t y .  

This  model has  been used t o  eva lua te  t h e  e f f e c t  of phys ica l  v a r i a t i o n s  on 
coa t ing  performance i n  high heat f l u x  rocket  engine app l i ca t ions  f o r  NASA- 
Current  work, promoted by C a t e r p i l l a r  Tractor Company f o r  diesel engine 
app l i ca t ions ,  i s  being conducted t o  measure coa t ing  s t r eng th  as a funct ion of 
temperature,  and f u t u r e  work w i l l  document s t r eng th  degradation w i t h  t i m e  a t  
temperature. S o l a r ' s  i n t e r e s t  l i e s  i n  t h e  appl ica t ion  of TBC'S t o  gas tu rb ine  
engine components. 
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Figure 1. - TBC model development. 
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Figure 2. - Two-dimensional finite-element model of simulated rocket chamber wall. 
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F i g u r e  4 .  - C o a t i n g  s t r e n g t h  Weibu l l  p l o t s .  
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Figure 5. - Thermal conductivity of Z r 0 2 Y 2 0 3  layers. 
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Figure 6. - Predicted coating temperature profile. 

30 



500 

0 -  

z- 
R -500 
5i 
2 -1000 
Y 

rn 
v) 

m 

- 1500 

- 2000 I I I I 1 I 

A 

- B  - 

Measured - K = 1.000 Wlm O C  - 
t = 0.0254 mm 

A: Q = 49 Wlmm2 
B: Q = 82 Wlmm2 

- 

32.80 33.00 33.20 33.40 33.60 33.80 134.00 
Radius (mm) 

F i g u r e  7. - P r e d i c t e d  hoop and a x i a l  c o a t i n g  stress p r o f i l e .  
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Figure  8. - Coat ing  surEace tempera ture  vs .coa t ing  t h i c k n e s s .  
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Figure 10. - Maximum h e a t  f l u x  vs .  coa t ing  th i ckness  f o r  95% s u r v i v a l  p r o b a b i l i t y .  
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Figure 9.  - Coating s t r a i n  vs .coat ing th i ckness  f o r  va r ious  h e a t  f l u x e s .  


